Abaris basistriata, a beetle species dominant in agroecosystems and natural habitats, may benefit from the establishment of nearby refuge areas or crop field centers. To confirm this hypothesis, we analyzed the spatial distribution of the species and verified the population dynamics of this predator in a soybean/corn rotation crop and a central refuge area. The 1-ha experimental area was divided in half by a range of herbaceous plants (2 m in width and 80 m in length). Beetle samples were collected using pitfall traps every fortnight during the in-season and every month during the off-season (a total of 27 sampling occurrences). Population fluctuation was analyzed by correlating the total number of specimens with plant phenology. We used multiple regression analysis with variable (stepwise) selection to examine the influence of meteorological factors on species occurrence. To determine the spatial distribution, data were analyzed using dispersion indices and probabilistic models based on the Coleoptera frequency distribution. Distribution visualization was assessed using a linear interpolation map. A total of 143 A. basistriata specimens were collected, with 83 from the soybean/corn area and 60 from the refuge area.
INTRODUCTION
For conservative biological control, techniques that conserve and increase the population density of natural enemies of insect pests are used Sotherton, 1991; Dent, 1995; Dent, 2000) . Establishment of nearby areas or refuges as islands in crop field centers can improve the diversity and occurrence of natural enemies, and this technique can be easily implemented in integrated pest management programs Sotherton, 1992; Collins et al., 2003) . However, development of such areas requires planning and information on the natural enemies of insect pests. Altieri, Silva and Nicholls (2003) argued that the manipulation of agroecosystems could result in the occurrence of various natural enemies and phytophagous insects, and management studies may have to be performed in the future.
Establishment of refuge areas that focus on pest management in agricultural ecosystems requires information about the ecology of herbivorous insects, natural enemies, and interactions between organisms and plant-provided resources (Lavandero et al., 2006) . Among the natural enemies commonly found in agroecosystems are species that belong to the family Carabidae (Collins et al., 2003; Macleod et al., 2004) , and Abaris basistriata is considered to be dominant in agroecosystems and natural and semi-natural habitats (Cividanes et al., 2009; Martins et al., 2009) .
In this study, we aimed to examine the population dynamics and spatial distribution of A. basistriata in two habitats (soybean/corn rotation and central refuge areas) and verify the influence of phenological phases of cultivated plants, meteorological factors, and the refuge area on the occurrence of this insect.
MATERIAL AND METHODS
This study was conducted in a 100 × 100-m area located on 10 ha of land that belongs to the Faculty of Agricultural and Veterinary Sciences (FCAV), São Paulo State University (UNESP), Jaboticabal Municipality, SP (latitude: 21°15′29″ south and longitude: 48°16′54'″ west). Based on the methods described by Collins et al. (2003) , an 80-m-long, 2-m-wide, and 40-cm-high space at the center of this area was used as a shelter for the natural enemies of A. basistriata (Figure 1 ). This refuge area was divided into four 20-m plots cultivated with the following perennial herbaceous plant types: Panicum maximum 'Massai', Cynodon spp. 'Tifton 85', Stylosanthes spp. 'BRS Campo Grande', and Calopogonium mucunoides 'Common' (Figure 1 ). The following features of the selected herbaceous plants were considered prior to use in the sheltered area: rapid growth, resistance to adverse humidity and temperature conditions, low need for cultivation, durability, and reduced potential to become weeds Sotherton, 1992; MacLeord et al., 2004) .
The experimental area was planted with soybean in 2008-2009 and 2009-2010 Species that belonged to the family Carabidae were sampled in the refuge area and crop soils by using pitfall traps, which consisted of plastic cups (8 cm in diameter and 14 cm in height) containing 1/3 volume of a water solution with 1% formaldehyde and a mild detergent. A support cup with an equal volume of the water solution and a perforated bottom for drainage was used for fixing the pitfall trap. A removable plastic cover was placed on each trap at a sufficient height to allow the capture of insects and avoid flooding due to rainwater. Sampling was performed every 2 weeks during the in-season and every month during the off-season, and 27 samplings were performed between 12/17/2008 and 06/09/2010. The remaining traps were installed in the field for a week, and they were subsequently removed and sent to the laboratory for screening, assembly, and specimen labeling.
Six traps were installed in each plot of the herbaceous plants, which were distributed in 2 parallel rows that were 10 m apart; in-line traps were separated by 1 m (Figure 1 ). For soybean crops, traps were installed in the distribution grid, according to the methodology used by Holland, Perry and Winder (1999) and Thomas, Holland and Brown (2002) . In this case, the traps were installed along trap lines of the refuge area. The first traps were 1 m from the refuge area, and the others were installed every 10 m (Figure 1 ).
To study fluctuations in A. basistriata populations, we analyzed the total number of specimens collected from all the traps in the sampling period. Moreover, we evaluated the influence of meteorological factors by using multiple regression analyses with variable "stepwise" selection (Draper; Smith, 1981) , and 10% level of significance was used for the inclusion of independent variables (e.g., temperature and rainfall). The evaluated meteorological factors were maximum and minimum temperatures (°C) and rainfall (mm). Meteorological data were obtained from agrometeorological observations conducted at FCAV/ UNESP. When analyzing meteorological factors, we considered weekly mean temperatures and weekly sum of pluvial precipitation, which were always checked 7 days prior to sampling. Phenological phases of the cultivated plants were determined on the day of sampling, and the dominant phenological phase around each trap was visually observed. The dominant phenological phases were determined using the percentage of individuals verified on the basis of the presence or absence of plants with a determined phenology, according to the methodology used by Bencke and Morellato (2002) . This method examines quantitative characteristics at the population level, and it determines the percentage of individuals that experienced a particular phenological event in the plant population. Phenological phases of soybean were assessed in accordance with the descriptions of Fehr et al. (1971) and the names proposed by Câmara (1998) , and phenological stages of corn were assessed on the basis of the names and descriptions reported by Fancelli and Dourado-Neto (2000) .
To determine the spatial distribution of A. basistriata, mean (m), variance (s 2 ), indices of dispersion, and total data were tested to determine whether the data fit Poisson and negative binomial distributions.
Dispersion index: Variance/mean ratio (I): It is used to measure the deviation of an array of randomness conditions (Equation 1). Values equal to 1 indicate random spatial distributions; values less than 1 denote uniform distributions; and values greater than 1 indicate aggregated distributions (Rabinovich, 1980) .
where s 2 = sample variance; = sample mean; x i = number of A. basistriata found in the sample units; and n = number of sample units.
Morisita index (I δ ): Values equal to 1 indicate random distributions, and values greater than or less than 1 denote contagious distributions (Equation 2) (Morisita, 1962) . 
Coefficient of Green (Cx) : Index values range from negative to uniform distributions. Values equal to 0 denote random distributions, and values equal to 1 indicate maximum contagion (Green, 1966) . The index is based on variance/mean distributions (Equation 4). of these specimens were found in soybean and corn and 63, in the refuge area (Table 1) . Plots of the grasses Cynodon spp. and P. maximum yielded the highest number of specimens (19 and 23, respectively) when compared with the plots of the legumes C. mucunoides and Stylosanthes spp. in the refuge area (Table 1) . A. basistriata is a predator that is considered dominant in areas planted with soybean and in natural areas in the state of São Paulo (Cividanes et al., 2009; Martins et al., 2009) .
Fluctuation analyses of A. basistriata populations demonstrated that the species was present during most of the study period, and it was only absent during eight of the 27 sampling occurrences. However, the highest population density was observed in the first soybean crop (2008) (2009) ). The results indicate that periods of large A. basistriata populations occurred during high rainfall and high minimum and maximum temperatures. The higher population peaks occurred on 01/14/2009 and 03/11/2009 when the highest maximum temperatures in the study period (32.9 ºC and 33.8 ºC, respectively) were recorded (Figure 2 ). The influence of weather factors were confirmed using multiple regression analyses, which showed a significant positive regression coefficient with the maximum temperature (parameters: 1.0519; F = 6.09; R 2 = 0.1959). Furthermore, this result explains 19.59% of population variation, so the period with high maximum ambient temperature corresponded with increased population density of A. basistriata.
The two highest A. basistriata population peaks occurred when soybean reached the end of the vegetative and early flowering stages (V6 and R1) and during the reproductive stage when the plants produced pods (R5 and R6; Figure 3) . Martins et al. (2009) found similar results; the A. basistriata population peaked at the beginning and end of soybean crops. This result suggests that environmental factors recorded during these vegetative stages may have benefited this predator. Among the factors that may influence A. basistriata occurrence is the presence of prey. Didonet et al. (2003) found that populations of Anticarsia gemmatalis caterpillars mainly peak during the reproductive period of soybean crops.
With respect to the spatial distribution of A. basistriata, the variance/mean relationship (I) and the Morisita index (I δ ) values obtained were greater than 1 on 9 dates in the sampling period, coinciding with periods of increased A. basistriata occurrences (Table 2) . Therefore, the results indicate that this carabid beetle has aggregate distributions.
The k exponent of negative binomial distribution: k is estimated using the method of moments (Equation 5). Negative values indicate uniform distributions, and low, positive values (k < 2) denote a highly aggregate dispersal. k values ranging from 2 to 8 indicate moderate aggregations, and values greater than 8 (k > 8) denote random arrays (Elliott, 1979) . Probabilistic models for the study of frequency distribution: Data for each sample were tested to see if they fit the Poisson distribution. The assumption is that all species have the same probability of occupying a given space and that the presence of an individual does not affect the presence of another individual; in this case, the variance equals the mean (σ 2 > μ) (Barbosa; Perecin, 1982) . However, when the variance is greater than the mean (σ 2 > μ), individuals aggregate. Therefore, the presence of an individual increases the chance that there is another on the same unit, which adjusts the negative binomial distribution (Barbosa; Perecin, 1982) .
The models were properly adjusted when the observed and expected frequency data had similar values, and the proximity of this data was compared using the chi-square test (Greenwood; Nikulin, 1996) .
To illustrate and verify aggregation and spatial distributions, maps of linear interpolation were used. We determined the observed frequency values at the sampling points and the interpolation between points. Surfer 8.0 for Windows software (Golden Software Inc. 2004) was used to plot the interpolation maps.
RESULTS AND DISCUSSION
A total of 143 A. basistriata specimens were collected throughout the sampling period. Eighty (55.94%)
The values obtained for the k parameter of the negative binomial distribution, estimated using the method of moments, were positive and less than 2 on dates with greater incidences of adult A. basistriata, indicating high aggregation of the beetles. This distribution was confirmed by analyses of the coefficient of Green, which showed values greater than 0 on the same dates; this indicated an aggregate distribution of the population (Table 2) . Niemela et al. (1992) found that some carabids in Finnish forests exhibited a clustered distribution (Table 2 ). In Brazil, Barros et al. (2006) found another carabid (Calosoma granulatum, a cotton crop predator) that showed a clustered distribution pattern.
We initially tested the fit of the data to the probabilistic model of the Poisson distribution. However, because the average was less than the variance on the dates of higher A. basistriata occurrence (Table 2) , we used the negative binomial distribution model.
Only two assessments had sufficient degrees of freedom for the model analyses. Regarding the Poisson distribution, results of the chi-square test were significant at 1% probability, demonstrating that the distribution of these assessments was not random (Table 3) . With respect to the negative binomial distribution, results of both assessments were not significant, confirming the aggregate spatial distribution of A. basistriata (Table 3) . Results of the adjustments of the probabilistic models analyzed are according to the indexes tested for this beetle. Samples with means lower than the variances were used to obtain linear interpolation maps, which provided a spatial pattern of A. basistriata clustering distribution that was determined by the dispersion index (Figures 4 and 5) .
Refuge areas provide resources and shelter for many insect predators in agroecosystems (Altieri; Silva; Nicholls, 2003) . A. basistriata exhibited clustering not only in the agricultural area but also in the refuge and nearby areas (Figures 4 and 5) . For this species, the refuge area may have provided shelter and facilitated distribution. Refuge areas established within crop fields serve as shelter for carabids and other predators, thus contributing to colonization and crop distribution (Collins et al., 2002; Macleod et al., 2004) . The high concentrations of A. basistriata in the refuge area indicate that this species is distributed by the agroecosystem from these aggregation points.
Analysis of the aggregation points indicated that the first peak of the A. basistriata population was found clustered in the refuge area, which may indicate that the predator is distributed from this point. Moreover, the results revealed peaks on 03/25/2009 and 09/08/2009, when the cultivated plants were in dehiscence. Therefore, at the end of the crop season, A. basistriata aggregation points mainly occurred in the refuge area. These results suggest that this beetle returned to colonize the refuge area when crop conditions were unfavorable (e.g., lower incidences of pests and lower plant cover), which indicates better microclimate conditions. Occurrence of carabids in agroecosystems is associated with microclimate conditions (Döring; Kromp, 2003) , and the vegetation structure is fundamental to the composition and distribution of carabid species (French; Elliott, 1999; Weibull; Östman, 2003) . According to Landis et al. (2005) , refuge areas can provide shelter for carabids when crop conditions are unfavorable.
Based on the results, we found that the spatial distribution of A. basistriata was in aggregate form, preferably in the refuge area, and the beetles were distributed throughout the crops from these aggregation points. Furthermore, the refuge area may have provided shelter when crop conditions were unfavorable. Population fluctuations were influenced by meteorological factors (i.e., maximum temperature) and by the phenological stage of the soybean crops (i.e., reproductive stage). This information can contribute to a conservative biological control plan. X 2 = Statistics of the chi-squared test; df. = number of degrees of freedom of the chi-squared test; p = probability level of the chi-squared test; * Significant at 5% probability; ** Significant at 1% probability;
NS Not significant at 5% probability.
Figure 4:
Maps of linear interpolation of Abaris basistriata adults during the periods when there was an adjustment to the models of spatial distribution. The area delimited and the zero distance correspond to the refuge area; the area delimited on the right is the border of the cultivated area, and the + sign corresponds to the position of the traps in the soil; darkening indicates a higher density of insects. Jaboticabal, SP -Brazil.
CONCLUSIONS
Occurrence of A. basistriata in agroecosystems was influenced by meteorological factors (mainly maximum temperature) and reproductive phenological stages of plants. Spatial distribution of the predator is clustered, and establishment of refuge areas contributes to the conservation and dispersal of this beetle species in agroecosystems. The area delimited and the zero distance correspond to the refuge area; the area delimited on the right is the border of the cultivated area, and the + sign corresponds to the position of the traps in the soil; darkening indicates a higher density of insects. Jaboticabal, SP -Brazil.
